Objectives-To determine the geographical distribution of cases of systemic lupus erythematosus (SLE) in a defined geographical area in the East Midlands, UK, and, in particular, to search for spatial variation in cases that may implicate the role of environmental factors in SLE aetiology. Methods-Six methods of case ascertainment were used. The postcode of the patient's domicile at time of first definite symptom of SLE was used for analysis which included case mapping, probability mapping by electoral ward, and variogram analysis. Results-The study area population of 613 700 contained 200 SLE patients, 188 of whom experienced their first symptom whilst residing in the area. Case mapping revealed 12 SLE patients residing within an area of one square mile, including four men and six patients with RNP antibodies. The use of probability mapping showed five wards in close proximity to each other to have a greater number of SLE cases than would be expected by chance (p < 0 1). The 'cluster' of patients seen on the case map fell into two wards which showed a significant excess of cases only when combined (p=0.006). The variogram of the incidence rates for each ward did not confirm any structure or pattern to the distribution of cases for the whole area.
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Conclusions-Some areas have a greater than expected prevalence of SLE. The normal result from variogram analysis suggests that the cause(s) for these excess number of cases does not have an effect across the whole study area.
(Ann Rheum Dis 1995; 54: 891-895)
There is marked variation in the geographic distribution of many human diseases, and Snow's investigation of the clustering of cases of cholera around a water pump in London in 1848' led to the subsequent identification of its causative agent. Similarly, Burkitt's geographical analysis of the lymphoma that now bears his name has given insight into its possible causes.2 More recently, the distribution of other cancers, particularly leukaemia, has been scrutinised using a variety of techniques3 4 The home of each patient with SLE was referenced by the postcode, according to the above criteria, and from this the geographical coordinates were derived. The electoral ward to which each case belonged was also derived from the postcode3 16 and this was referenced by the coordinates of the ward centroid (the population weighted centre). The cases were plotted on a map of Nottingham Health District to examine the spatial distribution. The rate of incidence of SLE for each ward was defined as the number of cases divided by the population in that ward:
where F(xi) = rate of incidence or frequency, L(xi) =number of cases in ward i, and xi denotes the coordinates of the centroids of the wards.
We used two analytical approaches to assess potential patterns in the distribution of cases. These were chosen from a range of techniques in order to identify different types of pattern that may be present, as described further below. Using the study area population of 613700 the rate of SLE patients presenting with their first symptom of SLE was 188/613 700 X 100 000 = 30 63/100 000 population.
Poisson probability test
Assuming an even spread of SLE across the population of the study area, the expected and observed number of cases per electoral ward was derived. Of 104 wards, 34 had no cases of SLE, 23 had one case and 47 had more than one case. Table 2 shows the wards with the smallest values of p. Clearly, this represents the top of a long list of electoral wards, the majority of which show a rate of occurrence of SLE similar to that expected by chance. At the bottom of the list are some wards that showed no cases of SLE despite being well populated. Using the incidence rate of 30-63/100 000, all wards with a population of 3265 or more would be expected to have at least one case of SLE. Table 3 shows the 16 wards in the study area with larger populations than this, but with no case of SLE. Figure 1 shows the ratios of the observed to the expected number of cases of SLE for each electoral ward.
Using a Poisson probability of less than 0-01 as being significant, two wards had a greater than expected number of SLE cases: Carlton Hill in the Borough of Gedling and Lenton in the Borough of Nottingham. In figure 1 , the geographical distribution of wards with a Poisson probability of p < 0 1 is highlighted by a circular symbol. Two such wards, Trent and Bridge, are adjacent to each other; and a further two, Lenton and Carlton Hill, are within two wards of these. Further away is the ward of Bulwell West. The cluster of 12 cases detailed above was contained within the wards of Bulwell West and Bulwell East. Neither ward on its own (table 2) showed an excess of cases using conventional statistical significance, but a significant excess in the number of SLE cases (observed 12, expected 6-94; p = 0 006) was apparent when these two wards were combined.
Population pyramids for the five areas with a p value less than 0-1 compared with the study area as a whole, have beern constructed (data not shown). Bulwell West has a considerably higher proportion of children aged 0-14 compared with the whole study population, which would reduce the expected at risk population for SLE, with consequent enhancement of the significance of the p value. In this SLE cohort, the greatest incidence rates were observed in the 40-59 year age group, which was in fact under represented in these high incidence wards, again increasing the significance of their observation. 
Popn = Population; Obs cases = observed number of SLE cases; Rate = ward rate of SLE cases per 1000 population; XArea rate = ward rate/total study area rate; Exp cases = expected number of SLE cases assuming an even spread of SLE per head across the study area; excess = excess of observed cases over expected cases. With the use of a Poisson probability test, a number of false positive results may be expected by chance.3 26 However, our five wards with a Poisson probability of p < 01 seemed to aggregate into two areas (fig 1) , the first comprising Carlton Hill, Lenton, Trent, and Bridge, and the second Bulwell West. Such aggregation of wards with a 'significant' Poisson probability makes it less likely that they have occurred by chance.27
Non-environmental factors could be responsible for an unusually large or small number of cases. There may be variation of General Practitioner referral patterns across the study area, which encompasses both recognition of diagnosis and demographic differences in the ward populations. However The development of SLE may depend on a genetically susceptible individual being exposed to some environmental factor(s). However, as little is known about the incubation period of SLE, it is possible that such environmental factors may promote the expression of existing but previously dormant disease.
In conclusion, some areas in Nottingham have a higher than expected prevalence of SLE; however, current statistical methodologies, especially those adapted from non-medical spatial analyses, do not support the clustering seen on case mapping. Further investigations are in progress to define relevant local environmental factors and their possible role in disease causation.
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